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Distribution of antibody titers to bovine viral diarrhea virus in infected, exposed, and uninfected beef cattle
Hana Van Campen, Snehalata Huzurbazar, Joan Edwards, Jacqueline L. Cavender Bovine viral diarrhea virus (BVDV) is the leading infectious cause of abortions, stillbirths, and weak calves in Wyoming beef herds. 8 In 1995, tissues from 237 bovine fetuses and weak calves were submitted to the Wyoming State Veterinary Laboratory. From 74 cases for which a diagnosis was determined, 16 isolates of noncytopathic BVDV were identified. Diagnosis of BVDV infection in individual animals is based on virus isolation (VI), detection of viral RNA by hybridization using oligonucleotide probes or reverse transcriptase-polymerase chain reaction (RT-PCR), and demonstration of viral antigen in tissues by immunocytochemical or fluorescent antibody staining. 2, 6, 7 Diagnosis of BVDV infection in beef herds is more problematic. Herds may be screened for viremic cattle by cell-based enzyme-linked immunosorbent assay (ELISA), antigen capture ELISA, or RT-PCR with individual blood samples. 2 However, persistently infected (PI) cattle usually represent Ͻ1.0% of the herd population and are prone to early death or removal. Cows in herds experiencing infertility, abortions, or neonatal calf mortality may have experienced exposure at a considerably earlier time and at other premises, e.g., sales barns, prior to the recognition of disease. Therefore, viremic animals may no longer be detected at the time of sampling in herds where BVDV is responsible for reproductive disease.
Serum neutralization (SN) titers of cows with a history of abortion are of limited value in the diagnosis of BVDVassociated reproductive losses because the viral infection usually has occurred weeks or months prior to abortion and testing. 1 The SN titers are elevated by the time blood samples are drawn, and differences cannot be discerned between acute and convalescent samples. In many beef herds, cows and heifers are immunized multiple times with both modified live virus (MLV) and inactivated BVDV vaccines, and the majority of vaccinated cattle have antibody titers to BVDV. The purpose of this study was to determine whether SN titers could be used to distinguish between herds naturally infected with BVDV and herds that have received multiple immunizations with MLV BVDV vaccines.
Three commercial beef herds (A, B, C) were examined. Vaccination histories were obtained by interviewing the manager or owner. Blood samples were collected from all animals in herds A, B, and C and tested for viremia by an immunoperoxidase cell-based ELISA. Animals that were positive for BVDV in 2 blood samples taken 4 weeks apart were considered PI animals. In herd A, Pl animals were not detected, and BVDV-associated disease was not diagnosed from 1994 through 1996. BVDV infection in herd B was first discovered in 1993 following immunization with a MLV BVDV vaccine containing a cytopathic strain of BVDV. Several calves died, BVDV was isolated from dead calves, and a diagnosis of vaccine-induced mucosal disease was made. In 1994, 2 Pl animals were identified and removed from herd B. The endogenous virus from this herd was determined to be genotype 1 (J. Ridpath, personal communication). Herd C grazed on common pasture with herd B July-September for several years including the time period (1994) (1995) (1996) of this study. Viremic animals were not detected during 2 successive years.
In herds A and B, yearling heifers received 2 immunizations with vaccine containing genotype 1 MLV BVDV prior to breeding. All replacement heifers originated from each respective herd. All cows were vaccinated with a MLV BVDV vaccine at branding in the spring prior to being turned out with the bulls and were immunized with an inactivated BVDV vaccine in the fall. Calves from herds A and B were vaccinated with an inactivated BVDV vaccine at branding. Cows and calves in herd C did not receive any BVDV vaccines.
Blood was collected from the jugular vein of each animal into tubes containing heparin. a In herds A and B, blood collection occurred at the time of vaccination of calves at weaning. Herd C is unvaccinated, and blood samples were collected from calves and cows in February 1996. Plasma Table 1 . Percentage of cows with serum neutralization (SN) titers to NADL-BVDV in an uninfected and vaccinated herd (A), an infected and vaccinated herd (B), and an exposed and unvaccinated herd (C). SN was separated by centrifugation and examined for BVDV by the microtiter VI method described below. The remaining plasma samples were heated at 56 C for 30 minutes and centrifuged to remove coagulated proteins, and the clarified samples were assayed for neutralizing antibodies.
To detect viremic animals, plasma samples were examined for BVDV using a modification of an immunoperoxidase cell-based ELISA protocol (E. J. Dubovi, personal communication). Ten microliters of plasma or serum from each animal was placed into duplicate wells of a 96-well plate b and diluted with 90 l of medium c plus 2% horse serum. c Negative (Harmon serum d ) and positive (serum from a PI cow) controls were included on each plate. One hundred microliters of medium containing 1 ϫ 10 5 /ml primary bovine embryonic testicle cells was added to each well, and the 96-well plates were incubated at 37 C with 5% CO 2 for 4 days. The cells were fixed to the plate by air drying for 1 hour at room temperature and then adding 100 l of acetone : phosphate-buffered saline (PBS) a (20%: 80%) for 10 min and air dried overnight. To detect BVDV, 50 l of the monoclonal antibody 20.10.6, e diluted 1:1,600 in PBS, was added to each well, and the plates were incubated for 40 minutes at 37 C. The wells were washed 3 times with ELISA wash buffer (PBS ϩ 0.05% Tween 20), and 50 l of biotinylated rabbit anti-murine immunoglobulin antibody f diluted 1:500 in binding buffer (PBS ϩ 2.95% NaCl g ϩ 0.05% Tween 20 g ) was added to each well. Following 40 minutes of incubation at 37 C, 50 l of streptavidin-horseradish peroxidase c diluted 1:1,000 in ELISA wash buffer, was added to each well and incubated at 37 C for 40 minutes. The wells were washed, and 50 l of the substrate solution (200 l of 5 mg/ml 3-amino-9-ethylcarbazole g ϩ 5.0 ml of 0.05 M sodium acetate g buffer, pH 5.0, ϩ 20 l of 3% H 2 O 2 g ) was added to each well. The plates were incubated at 37 C for 10-30 minutes until staining was observed in the positive control wells. The wells were rinsed with tap water and examined using an inverted microscope. All wells containing cells infected with BVDV were identified by cytoplasmic staining.
In addition to 2 Pl animals identified in 1994, 1 viremic calf was detected in the 1995 cohort of 329 calves in herd B. Subsequently, 2 Pl calves were identified in 1996, confirming continuing BVDV infection in herd B. All animals in herds A and C were negative for BVDV by the microtiter ELISA method, verifying their uninfected status.
The SN assays were performed using the reference strain NADL (BVDV-NADL) because the genotype 1 of this virus corresponds with the genotype of the endogenous virus of herd B. SN titers to BVDV-NADL were determined by previously described methods. 3 Two-fold serial dilutions of complement-deactivated serum or plasma were made in microtiter plates. One hundred TCID 50 of BVDV-NADL h were added to duplicate columns of wells and an equal volume of minimal essential medium g was added to 1 column serving as a serum control. After 1 hour of incubation at 37 C, Madin Darby bovine kidney cells i (1 ϫ 10 4 cells/well) were added, and the plates were incubated at 37 C for 3 days. The SN titer was determined to be the highest dilution of serum without viral cytopathologic effects observed in the well.
The number of animals in each antibody titer level from Ͻ1:4 to Ն1:8,192 was determined. There were cows with SN titers for levels starting at 1:32 and ending at Ն1: 8, 192 , yielding 10 classes of counts. There were calves with SN titers of all levels starting at Ͻ1:4, yielding 14 classes. Both sets of data were analyzed as contingency tables using chisquare tests to assess the significance of differences in titers across the herds. 5 A software package was used to perform the analysis. j High SN titers (1:2,048 to Ն1: 8, 192 ) in 1 or 2 adult cattle have been used commonly to make a diagnosis of BVDV infection in herds. To validate the appropriateness of using SN titers of cows to diagnose BVDV infection in vaccinated herds, the proportion of cows in herd A and in herd B with the 4 highest SN titers, 1:2,048 to Ն1:8,192, were considered (Table 1) , as were the SN titers of the 3 groups ranging from 1:2,048 to 1:8,192 . The chi-square statistic for the 2 ϫ 4 table for the 4 groups had a P value of 0.039, when calculated using a chi-square test with 3 degrees of freedom (df), whereas the chi-square statistic for the 2 ϫ 3 table had a P value of 0.881 when calculated using a chi-square test with 2 df. Because multiple tests were conducted, the chi-square statistics for the reduced tables were compared with a chi-square distribution with 18 df 4 taking into account all 3 herds and all SN titers. Using 18 df, the P values for these statistics were 0.729 and Ͼ0.999. Thus, the reduced tables indicate that there are no significant differences in the SN titers in the range from 1:2,048 to Ն1:8,192 between herds vaccinated with MLV BVDV but uninfected (A) versus those that contain Pl animals (B). Therefore, SN titers of Ն1:2,048 in adult cows that have received multiple immunizations with MLV BVDV vaccines cannot be reliably used to diagnose BVDV infection in a herd. High SN titers occurred among all 3 cow herds (Fig. 1) .
The serologic data for the calves were grouped into three levels: low (Ͻ1:4-1:16), medium (1:32-1:512), and high (Ն1:1,024). The chi-square statistic for the resulting 3 ϫ 3 table had a P value of Ͻ0.0001, indicating that the differences among the herds were highly significant. Histograms reveal the patterns for the 3 herds of calves and illustrate the result of the chi-square test (Fig. 2) . The distribution of SN titers of calves from herd A (uninfected and vaccinated) ranged from Ͻ1:4 to 1:1,024. Calves were 4-6 months of age at sampling, and maternal antibody levels were assumed to have waned. In contrast, the SN titers for both herd B (infected and vaccinated) and herd C (unvaccinated and exposed) ranged from Ͻ1:4 to Ն1: 8, 192 . The SN titers of calves from herd B were substantially higher than those of the uninfected vaccinated calves in herd A. Eleven percent of the calves from herd C had SN titers Ն1: 1,024 indicating that transmission of BVDV between herd B and herd C occurred during the 3-month period of common grazing.
A major problem for the veterinarian and diagnostician is determining retrospectively whether reproductive losses in beef herds were due to BVDV infections. Serologic evidence for BVDV infections in western beef cattle is com-plicated by the widespread use of BVDV vaccines, as indicated by the high SN titers found in adult cattle that had received multiple BVDV vaccinations and in cattle exposed to Pl animals. In contrast, SN titer profiles of calves at weaning can be used to distinguish herds that contain Pl animals from uninfected herds that have received multiple MLV vaccinations. Further, SN titers of calves at weaning can indicate exposure of a herd to BVDV, regardless of the vaccination history of the dams.
ized by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) of the major outer membrane protein (MOMP) genome. The isolates, their sources, and the serovars are given in Table 1 .
The serotyping was performed by the microimmunofluorescence technique using serovar-specific MAbs. 1, 2 The procedure was performed essentially as previously described. 1 The chlamydial isolates were grown in embryonated eggs or on cell culture monolayers, pelleted by centrifugation at 10,000 ϫ g, and resuspended in 0.2% formalin to inactivate the chlamydiae. The cell culture harvests were mixed with normal yolk sac preparation to obtain improved adhesion to slides. Phosphate-buffered saline (PBS) was used to dilute samples to give an easy-to-read chlamydial distribution on slides. The preparation was placed in 0.3-l dots on standard microscope slides in grids of 4 rows with 7 dots each, 0.5 cm apart. This permitted the use of 4 dilutions for each of 7 MAbs on 1 microscope slide. The first column of 4 dots was routinely assigned a group reactive MAb as a control, and the remaining 6 columns were used to test 4 dilutions of each of the serovar-specific MAbs.
The antigen dots were air dried for 30 minutes, fixed in
